A prospective study of autopsy-determined measures of atherosclerosis In aortas and coronary and cerebral arteries was completed for a group of 83 men who were free of clinical cardiovascular disease and cancer when they entered the Cooperative Lipoproteln Phenotyplng Study In 1970. Total cholesterol minus high density llpoprotein cholesterol (HDL-C) was significantly associated with measures of atherosclerosis in all three groups of vessels. The patterns of associations for total, low density lipoproteln, and very low density lipoproteln cholesterol were similar but generally weaker and not significant for atherosclerosis In the cerebral arteries. Inverse associations of HDL-C with atherosclerosis In the circle of Willis and aorta were significant, but those for the coronary arteries were not These associations were independent of other major risk factors for atherosclerosis In murttvariate analyses. Similarities between these findings and those for clinical cardiovascular disease In the same cohort indicate that the opposing patterns of Increased risk of clinical cardiovascular disease associated with total cholesterol and the decreased risk associated with HDL-C also exists at the level of atherosclerosis In a variety of arteries. (Arteriosclerosis 9:560-564, July/August 1989) R eports from several prospective studies have consistently Implicated serum cholesterol as a predictor of autopsy-verified atherosclerosis of the coronary arteries, circle of Willis, and aorta.
R
eports from several prospective studies have consistently Implicated serum cholesterol as a predictor of autopsy-verified atherosclerosis of the coronary arteries, circle of Willis, and aorta. 1 -8 There are, however, very few prospective studies that have examined the lipoprotein fractions of total cholesterol. 78 In 1970, a subsample of men in the Honolulu Heart Program cohort participated in the Cooperative Lipoprotein Phenotyping Study. 910 Since that time, these men have been followed up by two repeat examinations and by continuous surveillance of hospital discharge and mortality records. 11 Protocol autopsies were completed for 83 of these men. In this study, we examined the associations of the baseline measures of lipids and lipoproteins with measures of atherosclerosis in the coronary arteries, the aortas, and the circles of Willis for the 83 autopsied men who participated in the 1970 examination. To our knowledge, this is the first study of this type on a U.S. population. among 8006 men of Japanese ancestry who were bom between 1900 and 1919 and who were living on Oahu Island, Hawaii in 1965. 12 In 1970, a subsample of these men were invited to take part in the Cooperative Lipoprotein Phenotyping Study in which levels of blood lipids and lipoproteins were compared among six population-based epidemiotogic studies in the United States using a common protocol for determination of lipids and lipoproteins. The details of the sample selection and laboratory methods have been reported previously. 81011 Briefly, the lipoprotein examinations were performed between 1970 and 1972, and all available survivors were re-examined 5 and 10 years after the initial examination. The study population included 2122 men who were free of prevalent coronary heart disease, stroke, or cancer and who were not being treated for hypercholesterolemia or diabetes at the baseline examination. Of these men, 1545 were from a probability sample, while 577 were included because they were in the highest decile of serum cholesterol or trigtyceride at the first Honolulu Heart Program examination.
For determination of the lipids and lipoproteins, 20 ml of blood was drawn into EDTA tubes after the men had been fasting for at least 12 hours. Aliquots of plasma were refrigerated overnight and sent on ice to the Public Hearth Service Laboratory in San Francisco for measurement of lipids and lipoproteins following a protocol specified by the Laboratory of Molecular Disease, National Heart, Lung, and Blood Institute. 10 The methods used for the pathologic evaluation of atherosclerosis in the blood vessels have also been described earlier. 1 -213 The degree of atherosclerosis in the coronary arteries and aortas was estimated by both the American Heart Association (AHA) panel method 14 and by the unaided visual estimation method developed for the International Atherosclerosis Project. 13 Only the results from this latter estimate will be presented here because this method provides data on the percent of the vessel surface involved with fibrous plaques and complicated and calcified lesions reported here as percent surface affected by raised lesions (RL).
The circles of Willis and their major branches were scored on a numerical basis with grades from zero to four at each of 22 sites as described earlier. 15 The total score was divided by the number of sites examined to provide a mean score ranging from zero to four for each individual. As earlier work had indicated that the degree of atherosclerosis tended to fall into two distinct patterns based upon the size of the arteries, subgroups of large and small arteries were made. 2 The group of large arteries included the internal carotid, the middle and posterior cerebral, the basilar, and vertebral arteries. All other arteries were put into the small group.
Statistical Analysis
The statistical tests of association of risk factors with atherosclerosis scores were based upon univariate and multJvariate linear regression. Age effects were removed from the scores by adjustment for age at death and from the risk factors by adjustment for age at the lipoprotein examination. Multiple regression coefficients relating scores to risk factors were standardized by multiplying the beta coefficients times the ratio of the standard deviation of the independent variable to the standard deviation of the dependent variable. The result is nearly identical to a partial correlation coefficient, (r), and has been reported as such in the results.
Results
Of the 2122 men who were clinically free of major chronic disease at baseline examination, 443 had died as of December 1986. Protocol autopsies were obtained for 83 of these men with measures available for 78 sets of coronary arteries, 72 aortas, and 59 circles of Willis. Cardiovascular disease was the underlying or contributing cause of death for 25 (30%) of the men, cancer for 34 (41%), and accidents and other causes for 24 (29%). Table 1 provides a comparison of the age-adjusted means and standard deviations of the baseline liptds and lipoproteins for the autopsied and nonautopsied cohort members.
While the autopsied men had slightly higher total cholesterol and trigtycerkte levels, none of the differences were statistically significant Separate analyses also indicated that there were no significant differences in lipoprotein levels and in other major risk factors between the autopsied men and the unautopsied men who had died. Earlier work showed that there was little evidence of selection bias in the total protocol autopsy group. 1 Thus, there was little evidence of selection bias in the study group. Table 2 shows the age-adjusted measures of atherosclerosis by tertiles of liptds and lipoproteins. Total cholesterol was significantly associated with percent RL in the coronary arteries and thoracic aorta, but not in the abdominal aorta, nor with the atherosclerosis scores for the cerebral arteries. Low density lipoprotein cholesterol (LDL-C), very low density lipoprotein cholesterol (VLDL-C), and triglycerides followed the same trends, but the patterns of associations were generally weaker except for VLDL-C and triglyceride with percent RL in the abdominal aorta.
High density lipoprotein cholesterol (HDL-C) was significantly inversely associated with atherosclerosis in the cerebral arteries. The weak pattern of association of HDL-C with percent RL in the aorta was not significant, and, contrary to expectation, there was no pattern of association with percent RL in the coronary arteries. Total cholesterol minus HDL-C showed the most consistent pattern of association with atherosclerosis in the coronary arteries, thoracic aorta, and large cerebral arteries, and the patterns of associations were slightly stronger than those for total cholesterol. Separate analyses of the ratio of HDL-C to total cholesterol showed weaker levels of associations than those for total cholesterol minus HDL-C. Separate analyses of the individual coronary arteries showed similar results, as did the use of the AHA panels score rather than percent RL. One notable difference was that there was a stronger inverse association between HDL-C and percent RL in the left anterior decending coronary, which was of borderline statistical significance. Table 3 shows the partial correlation coefficients from multiple regression models in which the lipids or lipoproteins were included one at a time together with all of the other major risk factors for atherosclerosis in this cohort, namely age, blood pressure, and cigarette pack-years. The patterns of association are similar to those described above. Total cholesterol was independently associated with atherosclerosis in the coronary arteries and thoracic aorta, but not in the circle of Willis. The coefficients for LDL-C and VLDL-C were similar but weaker, except for the borderline significant association of VLDL-C with atherosclerosis in the abdominal aorta. HDL-C was inversely associated with measures of atherosclerosis in the circle of Willis and the thoracic aorta. Total cholesterol minus HDL-C provided the most consistent measure of association among all the different types of vessels, although the coefficients were not always as strong as those for the component parts.
Age at death and blood pressure were consistently associated with atherosclerosis in most of these vessels, while cigarette use was significantly associated only with aortic atherosclerosis. 
Discussion
It has been well established that there are two opposing patterns of associations between lipoprotein fractions of cholesterol and clinical coronary heart disease in a variety of study populations. 16 -22 Total cholesterol and LDL-C have a direct graded relationship, while HDL-C has an inverse or protective relationship. The results of this study indicate that these same opposing associations exist at the level of atherosclerosis In the major artery systems. Total cholesterol minus HDL-C was consistently associ-ated with measures of atherosclerosis in the coronary and cerebral arteries and the aorta, while HDL-C was inversely associated with atherosclerosis in the aorta and cerebral arteries. A similar weak trend in the coronary arteries was of borderline significance only for the left anterior descending artery. Autopsy studies can be subject to distortion because of selection bias. We have found earlier that statistical adjustments for such bias did not alter the findings for a larger group of autopsied men in this cohort.
1 * The size of the present study group was too small for such adjustments, but comparison of initial lipid and lipoprotein levels of the autopsy group with those of the exam cohort did not Indicate that a strong selection bias had occurred.
To our knowledge, there is only one other prospective study that examined antemortem measures of lipkte and lipoprotein levels as predictive risk factors for autopsyverified levels of atherosclerosis in adults. The Oslo Study 7 ' 23 of 150 autopsied men found that total cholesterol was directly, and the HDL-C ratio inversely, associated with percent RL in both the coronary and cerebral arteries. The only difference between the present study and the Oslo Study concerns the findings for HDL-C. They found a protective effect in the coronary, but not the cerebral, arteries, while we found a protective effect in the cerebral, but not the coronary, arteries. These differences may be due to the fact that the lipid levels in the Oslo cohort were strikingly higher than in the Hawaii cohort, and that the men in the Oslo cohort were younger than those in the Hawaii cohort.
The Bogalusa Heart Study 8 of 35 autopsied children and young adults ages 5 to 24 years at death indicated that fatty streaks in the aorta were directly related to antemortem levels of both total cholesterol and LDL-C and inversely correlated with the HDL-C ratio. Fatty streaks In the coronary arteries were significantly associated only with VLDL-C. Given the small sample size, the young age of the cohort, and the low prevalence of fatty streaks in the coronary arteries, these findings are not only compatible with the present report, but also indicate that the predictive effect of lipids and lipoproteins begins at an early age. The results from cross-sectional studies of patients undergoing coronary 24 and cerebral 25 arteriography are also consistent with the concept that there is a direct graded relationship of atherosclerosis with total cholesterol and LDL-C and an inverse relationship of atherosclerosis with HDL-C.
Keeping in mind the potential differences due to selection bias, the small sample sizes, and the populations themselves, there is a remarkable consistency among the findings of the pathology studies, the angiography studies of coronary stenosis, and the epidemiologic studies of incident clinical disease. Because of this consistency, it is possible to infer that the increased risk of clinical cardiovascular disease associated with total cholesterol and LDL-C, and the protective effects of HDL-C are the result of their activity at the level of atherosclerosis. The exact nature of these activities is not clear, but for total cholesterol and LDL-C, they may include endothelial injury from hyperiipidemia, penetration of endothelial lining, and stimulation of smooth muscle cell proliferation, 26 -27 while HDL-C may be involved in the removal of cholesterol from the intima. 28 If the action of these lipoprotein fractions of cholesterol are acting at the level of atherogenesis, then the implications for prevention are clear. Any lifestyle, dietary, or manageable factor that reduces total or LDL-C increases HDL-C can be viewed as an opportunity to impede the development of atherosclerosis and thus prevent the development of a range of cardiovascular diseases at the primary level. Perhaps the most important element is the consistency of the patterns of association across a variety of vessels, which provides support for a unified approach to prevention of the major atherosclerotic diseases. Such inferences based upon observational studies will have to be addressed by specific controlled clinical trials to test the effectiveness and safety of potential interventions.
